ABBREVIATIONS AD = active subgaleal drain; CCI = Charlson Comorbidity Index; CI = confidence interval; CID = continuous irrigation and drainage; CSDH = chronic subdural hematoma; HR = hazard ratio; PD = passive subdural drain; RCT = randomized controlled trial. OBJECTIVE Surgery for chronic subdural hematoma (CSDH) is one of the most common neurosurgical procedures. The benefit of postoperative passive subdural drainage compared with no drains has been established, but other drainage techniques are common, and their effectiveness compared with passive subdural drains remains unknown. METHODS In Scandinavian population-based cohorts the authors conducted a consecutive, parallel cohort study to compare different drainage techniques. The techniques used were continuous irrigation and drainage (CID cohort, n = 166), passive subdural drainage (PD cohort, n = 330), and active subgaleal drainage (AD cohort, n = 764). The primary end point was recurrence in need of reoperation within 6 months of index surgery. Secondary end points were complications, perioperative mortality, and overall survival. The analyses were based on direct regional comparison (i.e., surgical strategy). RESULTS Recurrence in need of surgery was observed in 18 patients (10.8%) in the CID cohort, in 66 patients (20.0%) in the PD cohort, and in 85 patients (11.1%) in the AD cohort (p < 0.001). Complications were more common in the CID cohort (14.5%) compared with the PD (7.3%) and AD (8.1%) cohorts (p = 0.019). Perioperative mortality rates were similar between cohorts (p = 0.621). There were some differences in baseline and treatment characteristics possibly interfering with the above-mentioned results. However, after adjusting for differences in baseline and treatment characteristics in a regression model, the drainage techniques were still significantly associated with clinical outcome (p < 0.001 for recurrence, p = 0.017 for complications). CONCLUSIONS Compared with the AD cohort, more recurrences were observed in the PD cohort and more complications in the CID cohort, also after adjustment for differences at baseline. Although the authors cannot exclude unmeasured confounding factors when comparing centers, AD appears superior to the more common PD.
vacuation of chronic subdural hematoma (CSDH) is one of the most common neurosurgical procedures. The number of patients with CSDH is expected to increase as the oldest segment of the population continues to grow, and according to the prognosis for 2030, CSDH is expected to be the most common cranial neurosurgical condition in the US. 3, 14 Surgical techniques vary, but following the landmark trial from Santarius et al. in 2009 , the use of postoperative drainage is now the norm. 21 However, recurrence rates are high, and ways to achieve further improvements should be sought.
Today, common treatment variants include a twist-drill craniostomy, burr-hole procedure with passive subdural drainage, subgaleal (or subperiosteal) active (suction) drainage, and continuous irrigation. 2, 5, [7] [8] [9] 21 There is no evidence supporting the superiority of one specific drainage technique, and adequately powered comparative studies evaluating the different drainage techniques after burrhole evacuation are lacking. 11, 14 The aim of this population-based, retrospective, comparative cohort study was to compare recurrences after CSDH burr-hole surgery in regions served by neurosurgical centers using different postoperative drainage techniques.
Methods

Ethics and Approvals
The study was approved by the Stockholm regional ethical review board in Sweden and the Regional Committee for Medical and Health Research Ethics in Central Norway. The study was registered in clinicaltrials.gov (no. NCT01930617) prior to data collection. Reporting is consistent with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) statement.
Scandinavian Health Care System and Treatment Centers
The health care system in Norway and Sweden is divided into different geographical regions with compliant referral patterns for intracranial surgery within these regions. A patient with a CSDH in the greater Stockholm region will be referred to and cared for at the neurosurgical department at Karolinska University Hospital. Similarly, patients with CSDH in Northern Norway and Central Norway will be referred to the University Hospital of North Norway and St. Olavs University Hospital, respectively. Because no private health care alternative exists for patients with CSDH and a strict regional referral is used, the risk of referral bias is practically eliminated. Data from Statistics Norway (http://www.ssb.no) and Statistics Sweden (http://www.scb.se) were used to estimate the mean population of the respective hospital catchment areas during the study period.
Patient Population
All adult patients (18 years or older) treated with evacuation of primary CSDH between January 1, 2005, and December 31, 2010, at the neurosurgery departments of Karolinska University Hospital (Stockholm, Sweden), the University Hospital of North Norway (Tromsø, Norway) and St. Olavs University Hospital (Trondheim, Norway) were identified using the hospitals' patient administrative databases and operating room logs. Patients who underwent any other form of intracranial surgery during the last 6 months prior to CSDH intervention and those having CSDH in relation to arachnoid cysts were not included. In total, 1260 patients were included. As noted in Table 1 , there were 166 patients (13%) who underwent operations for CSDH at University Hospital of North Norway, 330 patients (26%) at St. Olavs University Hospital, and 764 patients (61%) at Karolinska University Hospital during the inclusion period. The incidence rates of surgical intervention for CSDH were 7.8 per 100,000 people per year at University Hospital of North Norway, 10.9 at St. Olavs University Hospital, and 8.0 at Karolinska University Hospital (p = 0.034). The age-and sex-adjusted incidence rates were 7.5, 10.3, and 8.4 per 100,000 people per year, respectively (p = 0.096).
Treatment Regimens
All 3 centers routinely used single burr holes and irrigate intraoperatively, but the use of drainage systems and postoperative care differed. At 1 center, a continuous inflow and outflow irrigation was established (Charriere no. 14 drain for outflow, Nelaton catheter no. 10 for inflow of irrigation fluid, consisting of sterile saline with gentamicin added at a concentration of 10 mg/1000 ml), and typically continued for 24 hours, or until clear outflow fluid was noted, i.e., the continuous irrigation and drainage (CID) cohort. 9 The second center used passive subdural drains (external ventricular drain, Medtronic barium-impregnated ventricular catheter, 35 cm in length, 2.8-mm outer diameter, 1.5-mm inner diameter), that was placed at the end of surgery and kept overnight, usually for 12-18 hours, i.e., the passive subdural drain (PD) cohort. At the third center, subgaleal active (suction) drainage was used (10-Fr catheter) for 24 hours, i.e., the active subgaleal drain (AD) cohort. The different drainage systems are illustrated in Fig. 1 . In the CID and AD cohorts, immobilization during drainage was strictly enforced, and patients were kept in intermediate ward units. In the PD cohort there was no uniform practice concerning mobilization, but patients were typically in an intermediate/postoperative ward unit 2-4 hours postoperatively, after which they were transferred to a regular ward unit. Importantly, each treatment method was well established and uniform at the involved centers in the study period.
Study Variables
We defined the index operation as the first surgical procedure on the affected side. Bilateral hematomas were registered as 1 index operation if both sides were treated as part of the same procedure. A recurrent CSDH was defined as a same-sided CSDH recurrence treated with surgery within 6 months of the index operation. In the cases in which a 1-sided index operation was followed by a bilateral recurrent procedure (i.e., 1 recurrent side and 1 untreated side), the patient was still registered as having only 1 index operation and 1 reoperation.
Patient and treatment characteristics were retrospectively retrieved from medical records. Radiological variables were extracted from the respective hospitals' picture archiving and communication systems. A CSDH in this study was not restricted to hypodense hematomas only, but also hematomas with higher densities and including acute elements as reported by others, but where burr-hole surgery was a reasonable option. 18, 23 The Charlson Comorbidity Index (CCI) was used to assess comorbidity. 6 The Landriel Ibañez classification was used to evaluate complications within 30 days postoperatively. 16 However, recurrent CSDH within this 30-day period was not considered a surgical complication, because recurrence is part of the natural course of the diagnosis, and most importantly, the primary end point of the study. 
End Points
The prespecified primary end point was the proportion of reoperations for same-sided CSDH within 6 months, analyzed according to treatment policy (i.e., making regional comparisons).
The prespecified secondary end points were overall survival, perioperative mortality (within 30 days), and surgical complications, according to the Landriel Ibañez classification. These end points were analyzed with respect to regional treatment policy and not actual treatment.
Statistical Analysis
All analyses were performed using SPSS (version 21.0, IBM Corp.). The statistical significance level was set to p ≤ 0.05. All tests were 2-sided. Central tendencies are presented as means ± SDs. Categorical data were analyzed using Pearson's chi-square test. Comparisons of means between departments were analyzed using ANOVA statistics. Overall survival is presented as Kaplan-Meier curves and compared using a log-rank test. Age-and sex-matched incidence rates were calculated using the 2008 Norwegian adult population (18 years and older) census as a reference (available at Statistics Norway, http://www.ssb.no). The post hoc adjusted logistic regression analyses were created due to baseline imbalances between groups.
Results
Baseline patient characteristics for the 3 groups are presented and compared in Table 1 . There were some differences between the groups with respect to sex (p = 0.029), preoperative symptoms including paresis (p = 0.006) and headaches (p = 0.016), the level of consciousness before treatment (p = 0.01), hematoma density (p < 0.001), magnitude of midline shift (p = 0.009), and the use of anticoagulants (p = 0.008).
As noted in Table 2 , treatment was in accordance with the institutional policy in the vast majority of patients. Policy adherence was still significantly different between institutions, with 147/166 (88.6%) in the CID cohort, 324/330 (98.2%) in the PD cohort, and 760/764 (99.5%) in the AD cohort (p < 0.001) treated according to institutional policy. Further treatment details are presented in Table 2 .
Primary End Point
For the entire study population, recurrent CSDH in need of surgery was detected after 169 operations (13.4%). Treatment outcome is presented for the different groups in Table 3 . Recurrence occurred following 18 (10.8%) of 166 operations in the CID cohort, 66 (20.0%) of 330 operations in the PD cohort, and 85 (11.1%) of 764 operations in the AD cohort (p < 0.001). Data on the primary end point are presented in Fig. 2 . The CID cohort was least compliant, and we explored the proportion of recurrence when using this technique in an as-treated analysis. The risk of recurrence when actually treated with CID was 10.2% (15/147).
Secondary End Points
Treatment outcomes are summarized and presented in Table 3 . More complications were observed in the CID cohort (14.5%) compared with the PD (7.3%) and AD (8.1%) cohorts (p = 0.019). When analyzing moderate to severe complications (Landriel Ibañez Grades II-IV), with 6.0% complications in the CID cohort compared with 3.0% and 4.6% in PD and AD cohorts, respectively, the statistically significant difference disappeared (p = 0.279). Gentamicin in the irrigation as used in the CID cohort was not associated with a lower proportion of locoregional infection (1.8% vs 0.6% and 1.6%, p = 0.384). On the other hand, there was no increased risk of seizures or other suspected toxicity with gentamicin use (1.2% vs 0.6% and 1.2%, p = 0.672). Perioperative mortality rates within 30 days after surgery were 3.0% in the CID cohort, 4.3% in the PD cohort, and 3.1% in the AD cohort (p = 0.621). The overall survival rate was similar between regions (Table 3 , Fig. 1 ).
Post Hoc Regression Analyses
In post hoc regression analyses adjusting for the differences in baseline factors (hematoma density, midline shift, surgical procedure, age, and sex), the type of drainage technique continued to be associated with surgery for 
Discussion
This consecutive population-based retrospective parallel cohort study shows that AD and CID were associated with a lower chance of reoperation due to CSDH recurrence compared with only PD postoperatively. Further, more complications were observed in the cohort treated with CID. There were no differences in mortality rates and overall survival between cohorts. The differences in outcomes across cohorts remained following adjustment for baseline characteristics.
Because there were large differences in recurrence rates, we believe that postoperative drainage technique matters. However, there were differences in incidence rates across the 3 geographical regions, and we cannot exclude the possibility that regional differences in treatment indications, follow-up routines, or indications for reoperations may have affected our findings. Since incidence rates of surgery for CSDH were higher in the PD region (although nonsignificantly so after adjusting for age and sex), this may suggest a more liberal indication for surgery, which may also be true for reoperations. This may, however, be a factor in both directions because presumably more patients with smaller CSDHs and favorable prognoses may have been offered surgery, but also more patients could have been offered repeated surgery based on vague symptoms. In the PD cohort, patients were routinely screened 4 weeks postoperatively with a visit in the outpatient clinic and a CT scan, while CT controls were performed based on clinical symptoms in the CID and AD cohorts. Importantly, the indications for reoperations were not different between cohorts based on our retrospective review, as patients had to present with symptoms in addition to radiological findings. Furthermore, the timing of repeated surgery was similar, suggesting that the immediate postoperative care in the other regions was sufficient as well. The differences in baseline characteristics were not systematically in disfavor of the PD cohort, and the significant impact of drainage technique was sustained after adjusting for baseline imbalances. The difference in recurrences between cohorts was large, and although the above-mentioned may have influenced our results, at least in part, it appears unlikely that our findings can be explained simply by indication and detection bias. Our findings in the PD cohort need to be interpreted in light of the proportion of recurrences reported by Santorius et al. (9.3%) that established the need for postoperative drainage. 21 Prior to analysis we expected the results to be comparable, as the Santorius study also used a subdural drainage and assessed recurrence within 6 months of index surgery. Compared with our study, several important differences not merely related to the drainage technique are present, forcing us to adjust the strength of our recommendations. First, the Santorius et al. study used 2 burr holes instead of 1, which may facilitate CSDH evacuation. 24 Second, the drain was kept in place for 48 hours, compared with less standardized drainage time in the subdural group in our study, which often was surgery in the evening and removal of the drainage system the following morning. The prolonged drainage time may also facilitate CSDH evacuation. 26 In fact, in terms of recurrence, the subdural group in our study is comparable to the "no drain" group in the Santorius study (24% recurrences in need of surgery), implying an inadequate evacuation of the subdural fluid in this cohort.
The hospitals using techniques other than passive subdural drainage techniques had standardized postoperative routines and outcomes comparable to those in the study of Santorius et al. 21 Thus, our data strongly suggest that other drainage techniques are not inferior to the traditional passive subdural drainage technique. The CID cohort performed worse than expected (10.8% recurrence rate) compared with a previous, smaller study from the same center demonstrating recurrence in need of surgery in 2.6% of patients. 9 Gazzerri and colleagues have published the largest series to date on subgaleal drainage through a 3-cm minicraniotomy and prolonged drainage time (i.e., 48-72 hours) and reported 7.6% recurrence in need of a repeated procedure, a finding comparable to our subgaleal cohort using a single burr hole and 24-hour drainage (10.8%). 8 Moreover, the highly selected patients participating in randomized trials commonly fare better than patients treated in routine clinical practice. 4 In addition, the Hawthorne effect may also account for some of the difference in effectiveness of passive subdural drainage observed between our PD cohort and the Santorius study. 10, 20 In the PD cohort patients were routinely screened with a CT scan at follow-up after index surgery, while this was replaced by a clinical follow-up with CT control "as needed" in the CID and AD cohorts. Concerning the differences in the Santorius study compared with our PD cohort, we simply conclude that the use of PD for short drainage times (< 24 hours) through a single burr hole seems questionable.
We found increased morbidity in the CID cohort. This cohort may in some cases have experienced delayed mobilization beyond 24 hours, and general anesthesia was more common in this cohort. The association between increased morbidity and delayed mobilization is suggested by a previous case-control study, 15 although conflicting reports exist on this matter. 1 Two recent studies reported that general anesthesia was associated with higher morbidity and longer hospital stays than sedation combined with local anesthesia, whereas previous studies did not report such differences. Although general anesthesia was more common in the CID cohort, there were no differences in perioperative mortality between cohorts.
With the exception of a randomized controlled trial (RCT) reporting that postoperative subdural drainage was better than no drainage, 21 there is a lack of high-quality evidence in CSDH management. 17, 22 Another RCT did not replicate the benefits of a drainage system, but the study was severely underpowered. 13 As blinding of personnel and participants in neurosurgical RCTs is difficult and sometimes impossible, pragmatic comparative studies may complement RCTs. 12, 19 We present a comparative population-based study of 1260 patients, aiming to clarify the risks and benefits of 3 different treatment regimes for CSDH. The sample size allows for reliable assessment of recurrences, perioperative morbidity, and mortality. This approach may be a way to improve the level of evidence in neurosurgical research compared with the common single-institution case series. 25 Limitations inherent to retrospective assessment are present in this study, but the clinical relevance of recurrence and mortality remain indisputable. As mentioned earlier, detection bias may have been introduced by different policies with respect to postoperative imaging between cohorts. Although this may have influenced the proportion of recurrences in this region to some extent, given the magnitude of effect detection, bias alone is unlikely to fully explain the observed difference. Also, the difference in outcomes may be at least in part due to the fact that each type of procedure was performed at different hospitals and by different surgical teams. Further, differences in postoperative management may also have contributed to this difference with less standardized and shorter hospital stays in the subdural group. The major strengths of this study are a very high compliance with treatment strategy in combination with the population-based approach and low rates of missing data.
Conclusions
Active subgaleal drainage and continuous irrigation/ drainage were superior to passive subdural drainage with respect to recurrences in this population-based, retrospective comparative cohort study. A higher complication rate was observed in the group with CID, possibly a combination of a more extensive procedure, a more frequent use of general anesthesia, and a longer immobilization period/ bed rest. Mortality rates and overall survival were similar between groups. In conclusion, our data indicate that the least invasive surgical method, using subgaleal drainage technique for 24 hours postoperatively, appears more effective than passive subdural drainage as used in this study and safer than CID.
